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(54) Polyester, stretch blow molded product formed thereof and method for producing polyester 

(57) Disclosed are a polyester mainly composed of 
an aromatic dicarboxylic acid as an acid component and 
an aliphatic diol as a diol component, wherein the con- 
tent of an antimony element in the polyester is from 50 
to 350 ppm, the number of metallic antimony particles 
having a diameter o1 0.5 nm or more is 30,000 or more 
per 100 mg of polyester, the ratio of the number of fine 
particles having a diameter of 0.5 \im to less than 0.6 
um is 70% or more, and the L value in hue is 80 or more; 
a stretch blow molded product formed of the polyester; 
and a method for producing a polyester mainly com- 
posed of an aromatic dicarboxylic acid as an acid com- 
ponent and ethylene glycol as a diol component which 
comprises adding a preliminary mixed catalyst solution 
of an antimony compound and a trivalent phosphorus 
compound as a catalyst, the catalyst solution having a 
haze of 10% or less, at a stage showing an acid value of 
1 ,000 eq/ton or less before initiation of melt polymeriza- 
tion. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a polyester containing antimony metallic particles, a stretch blow molded prod- 
uct formed thereof, and a method for producing a polyester containing antimony metallic particles. 

BACKGROUND OF THE INVENTION 

[0002] Polyesters including polyethylene terephthalate are excellent in mechanical strength, chemical stability, gas 
barrier properties and hygienic properties, and relatively inexpensive and lightweight. They have been therefore widely 
used as packaging containers for various foods and drinks. 

[0003] When these packaging containers are produced, methods are used in which preformed articles are first formed 
and then heated again to soften them, followed by reforming to desired shapes. For example, when stretch blow molded 
products are produced, closed-end tubular preforms are first produced, by injection molding, and these preforms are 
usually heated again with near infrared heaters to soften them. Thereafter, the softened preforms are allowed to come 
into contact with metal molds having specified shapes, thereby producing the blow molded products. However, these 
methods have the problem that productivity is poor because it takes time to heat the preforms again. 
[0C04J For solving such a problem, U.S. Patent 5,41 9,936 proposes a packaging materia! comprising a thermoplastic 
polymer composition comprising a polymer which contains metal particles intrinsically absorbing radiation in the wave- 
length region 500 nm to 2000 nm in such an amount that the reheat time of the polymer is less than the reheat time of 
the polymer in the absence of the particles. Here, the radiation in the wavelength region 500 nm to 2000 nm is a radia- 
tion generated by a general near infrared heater. The above U.S. patent further discloses in the working examples a 
method of adding a trivalent phosphorus compound to a polyethylene terephthalate prepolymer as a reducing agent, 
10 minutes after that, adding antimony trioxide as a reducible metal compound, followed by polymerization, and react- 
ing the metal compound with the reducing agent to generate fine metal particles. However, a result of detailed studies 
by the present inventors has revealed that this method shows a large variation in size of particles generated and gives 
a considerably large number of coarse particles. The coarse particles are smaller in surface area than fine particles 
having the same volume, so that the radiation absorption efficiency is insufficient. Accordingly, when this composition 
is formed into a packaging material, the transparency thereof is poor. Further, when this composition is formed into a 
packaging material, the coarse particles raise the color tone and external problems that the packaging material strongly 
inclines to black, and that the coarse particles are observed as black foreign matter, because the coarse particles are 
metal particles, which are tinged with black. Furthermore, it is necessary to add a large amount of a relatively expensive 
trivalent phosphorus compound, because of the insufficient radiation absorption efficiency. 

[0005] On the other hand, JP-B-49-20638 (the term "JP-B" as used herein means an "examined Japanese patent 
publication") discloses a method for producing a polyester which comprises using a reaction solution in which metallic 
antimony is precipitated by allowing phosphorous acid, hypophosphorous acid, or an ester or salt thereof to act on a 
solution or suspension of an antimony compound as a polyeondensation catalyst. However, as a result of detailed stud- 
ies in this method by the present inventors, the ratio of coarse particles to precipitated particles contained in a polyester 
obtained by this method is high, and the radiation absorption efficiency is insufficient. Accordingly, when this polyester 
is formed into a packaging material, problems are encountered with regard to transparency and color tone. 

SUMMARY OF THE INVENTION . 

[0006] An object of the present invention is to provide a polyester used as a raw material for various molded products 
and packaging materials, which is very high in temperature elevating speed at the time when heated, can be heated to 
a processing temperature for a short period of time, is excellent in transparency and color tone after processing, and is 
also excellent in productivity and moldability. 

[0007] Another object of the present invention is to provide a stretch blow molded product excellent in transparency. 
[0008] A further object of the present invention is to provide a method by which a polyester having excellent charac- 
teristics as described above can be produced efficiently at low cost. 

[0009] As a result of intensive studies for achieving the above-mentioned objects, the present inventors have com- 
pleted this invention. 
[001 0] The present invention provides: 

[001 1] A polyester mainly composed of an aromatic dicarboxylic acid as an acid component and an aliphatic diol as 
a diol Component^ wherein the content of an antimony element in said polyester is from 50 to 350 ppm, the number of 
metallic antimony particles having a diameter of 0.5 urn or more is 30,000 or more per 100 mg of polyester, the ratio of 
the number of fine particles having a diameter of 0.5 urn to less than 0.6 is 70% or more, and the L value in hue is 
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80 or more; 

[001 2] A stretch blow molded product formed of said polyester; and 

[0013] A method for producing a polyester mainly composed of an aromatic dicarboxylic acid as an acid component 
and ethylene glycol as a diol component which comprises adding a preliminary mixed catalyst solution of an antimony 
5 compound and a trivalent phosphorus compound as a catalyst, said catalyst solution having a haze of 10% or less, at 
a stage showing an acid value of 1 ,000 eq/ton or less before initiation of melt polymerization. 

DETAILED DESCRIPTION OF THE INVENTION 

10 [0014] The present invention will be described below in detail. 

[001 5] The polyester of the present invention is a polyester mainly composed of an aromatic dicarboxylic acid as an 
acid component and an aliphatic diol as a diol component. As the aromatic dicarboxylic acid, terephthalic acid or 2,6- 
naphthalenedicarboxylic acid is preferably used. The amount thereof is preferably 90 mol% or more, more preferably 95 
mol% or more, and most preferably 97 mol% or more, bas&d on the total acid component. As the aliphatic diol, ethylene 
glycol is preferably used. The amount thereof is preferably '96 rtiol% or^rriore, and rndre preferably 95 moi% or more, 
based on the total diol component. Examples of trl;e 6#eriij&^^^ aromatic dicarboxylic 

acids such as isophthraiic acid; brthoDhtriaiic afcict dvcl^lxkn^iMi^oivi^ ir.\H ^ryimoi^MK^ £Jtu:*Z~.A_ 
foisophthalate, 
tonedicarboxylk 

dicarbbxyfic acids sucH as adipic acid,' seb^cic acid, surciriic acidp glutaric acid, pimelic acid/suberic add, %zq\sAc acid" 
undecanedicarboxylic acid and dodecanedic»it»oxy1ic acid, 1h particular,' isophthalic acid is preferred as a copoiymeri- 
zation component with terephthalic add, arid the arrriurt;& iso^nthalic acid is more preferably 3 mot% or less based 
on the total acid component 1 * ' ' ! !1 ' -* : "■ " ' v 1 

[001 6] The other diol components, include; fdr example, aliphatic glycols such as trimethylene glycol, teframetbylene 
25 glycol, pertfamethyjene glycol, hexamethylene glycol, octamethylehe glycol, decamethylene glycol, propylene glycol, 
diethylene glycol, polyethylene glycol and ^lypkytetrar^^hylerie glycol; aficyclip glycols such as 1.4-cyciphexaned- 
imethanol and 1 .4-cyclohexanedibl ; branch^ ^aliphatic ejiycols such as nebperityl glycol and 2-butyl-2-ethyl-1 '^propan- 
ediol; aromatic glycols such as xylylene glycb); and ethane bxide addition products and propylene oxide addition 
products of f 2,2-bis(4-h^roxyphen^ bf these, di'ethyfehe glycol may be added as a raw material'tr^m the 

beginning/buf it is i generajlyi3rbduc&' as'a byproduct tom^nent. when polyethylene ferephthalate is produced. ' 
[001 7] In addition to these aromatic dicarboxylic acids' and aliphatic diols, other monomers can be added as long as 
they do not deer ease, the effect of the present invention. Th 3 e other rnonomers include mpnofunctional components such 
as stearic acid and benzoic acid; and multifuntfionaVc^ af least trifunctional components, such as trimeliitic 

acid, trimesic acid, pyromellitic add, trtorba1l$i6^^^^^ perrtaervthritol 
glycerol and tetraWstmeth^ " 
[001 8] It is necessary that the pdye^er'irf^ ebntanns' an antimony element in an amount of §6 to 

350 ppm. The content of the antimdhy ; elemferft is'preferabty f rdm i 00 to 300 ppm, andmore preferably from 1 50 to 250 
ppm. In this case, ICP emission sp^ of the antimony element! if the 

content of the antimony element is les^ th^SO'jD^. th^ nujrnber of artimbnyVelement-cbritainirlg particles becomes 
insufficient, so that it unfavorably ^l^l^gjim^-te'hfiat'a preformed article again to a required temperature. <5p the 
other hand, exceeding 350 ppm results in a reduction in the ratio of fine partides, which unfavorably causes deteriora- 
tion of transparency and color tone when the polyester is formed into a molded product or packaging material. . 
[001 9] The antimony element in the polyester is contained as metallic antimony or an antimony compound, and is, for 
example, an antimony element derived from an antimony compound added as a catalyst in producing the polyester. The 
45 antimony commands used as catalysts in this case include oxides, aliphatic or aromatic carboxylates, halides, oxyhal- 
ides and atoholates'of'a^ Of these, glycol-soluble antimony compounds such as antimony trioxide, antimony 
acetate and antimony trisethyierie glycoxide are preferred with respect to the haze of catalyst solutions and the effect 
of the present invention. 

[0020] It is further necessary that the polyester of the present invention contains 30,000 or more of metallic antimony 
so partides having a diameter of 0.5 nm or more, per 1 00 mg of polyester. The number of the metallic antimony particles 
is preferably 100,000 to 1 ,000,000. If the number of the metallic antimony particles is less than 30,000, it unfavorably 
takes long time to heat a preformed article again to a required temperature. If the number of the metallic antimony par- 
ticles exceeds 1,000,000, transparency and color tone tend to deteriorate when the polyester is formed into a molded 
product or packaging material. 

55 [0021 ] Further, in the polyester of the present invention, the ratio of the number of fine particles having a diameter of 
0.5 urn to less than 0.6 urn to the number of the 30,000 or more metallic antimony particles having a diameter of 0.5 urn 
or more contained in 100 mg of the polyester is required to be 70% or more. If the ratio of the number of fine particles 
is less than 70%, it unfavorably takes long time to heat a preformed artide again, and transparency and color tone unfa- 
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vorably deteriorate when the polyester is formed into a molded product or packaging material. The ratio of the number 
of fine particles is preferably 90% or more, and more preferably 98% or more. 

[0022] Furthermore, in the present invention, the ratio of the number of coarse particles having a diameter of 1 .5 urn 
or more to the number of metallic antimony particles having a diameter of 0.5 pm or more contained in 100 mg of the 
polyester is preferably 1% or less. It is more preferred that the ratio of the number of coarse particies having a diameter 
of 1 urn or more is 1% or less, and it is particularly preferred that the ratio of the number of coarse particles having a 
diameter of 0.7 um or more is 1% or less . 

[0023] Here, the number of particles having a diameter of 0.5 pm or more is measured in the following manner. That 
is to say, 100 mg of a freeze-pulverized polyester is precisely weighed, and dissolved in 10 ml of o-chlorophenol at 
1 00°C for 2 hours. The number and diameter of particies in this solution are measured by a HI AC PC-320 type particle 
size analyzer manufactured by Pacific Scientific Co.. thereby obtaining the number of particles having a particle size of 
0.5 urn or more and the particle distribution thereof. The resulting number of particles is divided by the weight of the 
polyester used for measurement to determine the number of particles per100 mg of polyester. 
[0024] It can be conformed in the following manner that the measured particles are metallic antimony particles. That 
is to say, 30 g of the polyester is dissolved in 379 g of o-chlorophenol with stirring at 1CCC for 2 hours, and then, par- 
ticles which remain undissolved are sedimented at 12,000 revolutions per minutes for 60 minutes by a high-speed cen- 
trifugal separator. Sediment thus obtained by centrifugation is washed and dried under vacuum.. =ind thereafter, it is 
confirmed by the X-ray diffraction method whether the secSrrje.U * :r>2tai!rc antimony or not. 

[0025] Further, the polyester of the present invention is required to have an L value in hue of SO or more. Less than 
80 unfavorably results in remarkable blackish colors when the polyester is formed into a molded product. In this case, 
the L value is a value measured by the reflection method using a 300A type colorimetric color-difference meter manu- 
factured by Nippon Denshoku Kogyo Co., Ltd. 

[0026] The color-difference meter is previously allowed to stand for 4 hours or more after putting of a power supply 
for sufficient stabilization, and subsequent^, a measuring cel£ having an inside diameter of 36 nim and a depth of *i5 
mm (a light-receiving part thereof is made of quertz glass) is filled with just a ceIKu! of pellets. The direction of the meas- 
uring cell is changed to four directions for each 90 degrees, and the L value is measured four times in total. The mean 
value thereof is taken as the L value of the present invention., 

[0027] It is preferred that the polyester of the present invention contains a phosphorus element, for increasing the ratio 
of the number of fine particles having a diameter of 0.5 #n to Pass than 0.6 urn *o 70% or more. The content of the phos- 
phorus element is preferably 2 to 100 ppm. and more preferably 5 to 50 ppm. The phosphorus element can be added 
as a phosphorus compound during polymerization of the polyester. 

[0028] As the phosphorus compounds, trivaleni phosphorus compounds are preferably used, and pentavalent phos- 
phorus compounds can also be used as needed. The frsvalent phosphorus conpounds include phosphorous acid, 
hypophosphorous acid, esters thereof (for example, diethyl phosphite, iriphenyl phosphite, trisdodecyi phosphite and 
trisnonyfdecyl phosphite) and metal salts thereof such as lithium, sodium and potassium salts. Of these, phosphorous 
acid and diethyl phosphite are preferred. Further, the pentavatent phosphorus compounds include phosphates such as 
trimethy! phcsphate, triethyl phosphate, tri-n-butyl phosphate, trsocty! phosphate, triphenyl phosphate and tricresyl 
phosphatQ : acidic phosphates such as methyl acid phosphate, ?;tttyi acid phosphate, isopropyi acid phosphate, butyl 
acid phosphate, dibutyl acid phosphate, monobutyl phosphate and dioctyl phosphaie : and phosphorus compounds 
such as phosphoric acid and poiyphosphonc acid. 

[0029] Of these, phosphorous acid is preferably used for increasing the ratio of the number o1 fine particles having a 
diameter of 0.5 jim to less than 0.6 jim 

[0030]. The intrinsic viscosity of the polyester of the present invention is from 0 50 to 1 50 dl/g, preferably from 0.55 to 
1 .0 dI/g l 4nore preferably from 0.00 to 0.90 dl/g and particularly preferably from 0 65 to 0,05 dl/g, for a polyester com- 
posed of terephthaiic acid and ethylene glycol as main components. The value of the intrinsic viscosity can be adjusted 
by the time and temperature of mett polymerization and the time and temperature of so! id phase polymerization. When 
the intrinsic viscosity is less than 0.50 dl/g, the strength of a resulting molded product tends to become insufficient On 
the other hand, when the intrinsic viscosity exceeds 1 .50 dl/g, the rnoldabiiity tends to deteriorate. 
[0031] The polyester of the present invention is high in the ratio of the number of fine particles, so that it is excellent 
in transparency. The polyester of the present invention can therefore show excellent transparency within the intrinsic 
viscosity range of 0.65 to 0.85 dl/g, which gives the best balance between the strength of the molded product and the 
rnoldabiiity. Accordingly, this range is particularly preferred. 

[0032] The intrinsic viscosity is normally determined by freeze-puh/erizing a polyester, dissolving the pulverized pol- 
yester in a. mixed solvent of phenol/tetrachloroethane (weight, ratio: 1/1) to prepare four kinds of solutions having con- 
centrations of 0.1. 0.2, 0.5 and 1 g/dl, and measuring the viscosity of each solution at a temperature of 30°C by an 
Ubbelohde capillary viscometer. 

[0033] The polyester of the present invention can be obtained by controlling a method for adding metallic antimony or 
an antimony compound or polymerization conditions during the production of the polyester so that the number of metal - 



. <EP 0921 144A1 _l_> 



EP0 921 144 A1 

lie antimony particles having a diameter of 0.5 um or more is 30.000 or more, and the ratio of the number of fine parti- 
cles having a diameter of 0.5 um to less than 0.6 urn is 70% or more. 

[0034] Usually, an antimony compound is used as a polycondensation catalyst for a polyester, so that the antimony 
compound is preferably used as the polycondensation catalyst also in the production of the polyester of the invention. 
5 [0035] Methods for producing the polyesters of the present invention are described below in detail, but are not limited 
thereto. 

[0036] It is preferred that a preliminary mixed catalyst solution of an antimony compound and a trivalent phosphorus 
compound is used as a polycondensation catalyst. Hie haze of this preliminary mixed catalyst solution is 10%~or less, 
preferably 5% oar less, and more preferably 3% oar less. When haze of the preliminary mixed catalyst solution exceeds 

10 1 0%, it is difficult to obtain the polyester excellent in transparency and color tone. > 

[0037] This preliminary mixed catalyst solution is obtained by mixing the antimony compound, the trivalent phospho- 
rus compound and a solvent with stirring in specified order iof addition and under specified conditions. The solvents 
which can be used herein include alcohols such as ethylene glycol, methanol, ethanbl and propahol, water and other 
organic or inorganic solvents. Of these, ethylene glycol and water are preferred. Specifically, for exarrple, the antimony 

is compound is preliminarily mixed with ethylene glycol to prepare an antimony solution having a haze of 10% or less, and 
the trivalent phosphorus compound is added thereto andJ dissolved therein at a temperature ranging from e0 o G'to 
140°C, thereby preparing the catalyst solution; •>■-- ' ':~'v rr; r: :> \ % v. ' . , • ;i > , — ( . ; ^ so- 

[0038] It is presumed that the antimony compound added.as the catalyst is 'niodrf ifed in some sense during ^lyrtier* 
ization by the trivalent phosphorus compound preliminarily rmixed. which causes precipitation of antimbriy a£ particles' 

20 having a specified number and particle size ratio. * * « \ V:. 

[0039] Further, in the present invention, the preliminarily mixed catalyst solution is preferably used in which the weight 
ratio of the antimony element contained in the antimony compound to the trivalent phosphorus element contained in the 
trivalent phosphorus compound is from 1 to 200 , and in which the weight ratio of the antimdny element to the solvent 
is from 0.001 to 0.05. The former ratio is more preferably from 2 to 50; and the latter rat io is more preferably from 0.1 to 

25 0.6 and most preferably from 0. 1 5 to 0.4. The above-mentioned preliminarily mixed catalyst isorution can contain a cat- 
alyst, an auxiliary, a stabilizer and the like, in addition to the antimony compound 1 and the trivalent phosphorus com- 
pound, as long as the effect of the present invention is not impaired. 

[0040] The polyesters are produced by polymerization using these catalyst solutions:- As manufacturing processes of 
the polyesters, known methods can be employed. For example,! the polyester can be produced by esterificatibri of an 

30 aromatic dicarboxylic acid and/or sin esf er thereof as an. acid component and an aliphatic diol as a diol component and 
melt polymerization, followed by solid phase polymerization if necessary. First, for the ester'rfication, a direct esterifica- 
tion reaction is conducted at atmospheric pressure or under pressure using, for example, terephthalic acid; ethylene 
glycol and another comonomer to obtain an oligomer. In this case, the temperature of the esterification reaction is usu- 
ally from 240°C to 280°C, and preferably from 250°C to-270°C, and the pressure thereof is from 0 to 3 kg/cm ? • G, and 

35 preferably from 0 to 2 kg/cm 2 • G. The oligomer can be obtained by stirring for 1 to 10 hours. The polyester dligomer 
obtained herein is usually an oligomer having an add value of 300 to 1 200 eq/ton. 

[0041] Then, for the melt polymerization, a polycondensation reaction is conducted by further elevating the tempera- 
ture of the polyester oligomer obtained toy esterification, in. the presence of the catalyst solution prepared above, and 
gradually reducing pressure at the same time" :xv, ■ • 

40 [0042] The temperature of the melt polymerization is usually 260°C to 29G°C, and preferably 265°C to 285°C, and the 
pressure thereof is gradually reduced* from atmospheric pressure to usually 0.1 to 10 Torr, preferably 0.5 to 5 Torr. The 
intrinsic viscosity of the polyester thus obtained by the melt polymerization is preferably from 0.50 to 0.70 dl/g, more 
preferably from 0,55 to 0.g5;dl/g/ancf further preferably from 0.57 to 0.63 dl/g, for example, when the polyester is pro- 
duced using terephthaJic acid and ethylene glycol as main components. When the intrinsic viscosity is without the range 

45 of 0.50 to 0.70 dl/g, the reaction of th3 antimony compound with the trivalent phosphorus contained in the catalyst solu- 
tion prepared above probably does not optimally proceed: Accordingly, the size of the particles precipitated in the melt 
polymerization stage tends to vary, or coarse particles tend to increase in number. 

[0043] Further, the catalyst solution prepared is preferably added at a stage showing an acid value of 1 ,000 eq/ton or 
less before initiation of thfc melt polymerization. In this case, the acid value is determined by dissolving 0.1 g of the poi- 

50 yester before initiation of the melt polymerization in 3 ml of benzyl alcohol, adding 5 ml of chloroform thereto, and titrat- 
ing the resulting solution with a 0:1 N solution of NaOH in benzyl alcohol using Phenol Red as an indicator. 
[0044] Furthermore, this preliminarily mixed catalyst solution is preferably added so that the concentrations of the 
antimony element and trivalent phosphorus element contained in the polymer obtained after the melt polymerization 
are within the ranges of 50 to 350 ppm and 2 to 1 00 ppm. respectively. The range of the former is more preferably from 

55 100 to 300 ppm. and most preferably from 150 to 250 ppm, and the range of the latter is more preferably from 5 to 50 
ppm, and most preferably from 10 to 25 ppm. If the preliminarily mixed catalyst solution is added at a stage other than 
the stage showing an acid value of 1 ,000 eq/ton or less before initiation of the melt polymerization, or the amounts of 
the antimony element and trivalent phosphorus element contained in the above-mentioned polymer are without the 
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above-mentioned ranges, the near infrared absorption efficiency at the time when the preformed article is heated again, 
the transparency and the color tone tend to deteriorate. 

[0045] The polyester obtained by the melt polymerization is usually melt extruded into a strand form, followed by cut- 
ting with a cutter into pellets (chips). It is preferred that the polyester pellets are further heat treated to perform crystal- 
s lization and high polymerization by solid phase polymerization. 

[0046] In that case, the crystallization and the solid phase polymerization are conducted by crystallizing surfaces of 
the polyester pellets usually in the presence of an inert gas such as dried nitrogen, argon or carbon dioxide, water vapor 
or a water vapor-containing inert gas, usually at a temperature of 60°C to 180°C, preferably 150°C to 170°C, and frien, 
f luidizing the polyester pellets so as to prevent the pellets from sticking to one another by a process such as a rolling 
10 process or a f luidized bed process under reduced pressure or in the presence of an inert gas at a temperature ranging 
from a sticking temperature of the polyester to a temperature 80°C lower than the sticking temperature, preferably at a 
temperature 10°C to 60°C lower than the sticking temperature for tens of hours or less. The solid phase polymerization 
is low in the polymerization temperature, compared to the melt polymerization. Accordingly, the reaction of the antimony 
compound with the trivalent phosphorus compound contained in the catalyst solution prepared above probably pro- 
fs ceeds relatively mildly to allow the polymerization degree to increase. Hence, the polyester satisfying the number of 
metallic antimony particles and the ratio of the number of fine particles, which are the requirements of the present inven- 
tion, can be easily obtained. In addition, there is the advantage that the amounts pf acetaldehyde and polyester oligom- 
ers are also reduced. 1 , 

[0047J In producing the polyester, an esterif ication catalyst and another polycondensation catalyst can be used, in 
20 addition to the catalyst solution prepared above, and an auxiliary for preventing deterioration of the polyester and a sta- 
bilizer can further be used. The esterif ication catalyst may not be added because terephthalic acid acts as an autocat- 
alyst. However, a small amount of an inorganic acid may be used. Further, another polycondensation catalyst, a salt of 
an alkali meta! such as sodium or lithium, a salt of an alkaline earth metal such as magnesium or calcium, or a com- 
pound of a metal such as zinc or manganese may also be used. 
25 [0048] The other polycondensation catalysts include germanium compounds such as germanium dioxide, titanium 
compounds such as tetra-n-butoxytitanium. cobalt compounds and tin compounds. 

[0049] The catalyst, the auxiliary and the stabilizer can be supplied in preparing a raw material slurry, at any stage of 
the esterif ication process and at an early stage of the melt polymerization process. They can also be added to the cat- 
alyst solution prepared above. The polyester may be produced either by a batch process or by a continuous process. 
30 However, the continuous process is preferred in respect to satisfaction of the number of particles and the ratio of the 
number of fine particles fulfilling the requirements of the present invention, and overall characteristic such as transpar- 
ency and color tone. 

[0050] The polyester of the present invention can be formed into various extrusion molded products, injection molded 
products, blow molded containers and drawn containers, by methods similar to those of conventional polyethylene 
35 terephthalate. Further, the polyester of the present invention has the advantage that the ratio of the number of fine par- 
ticles to the number of metallic antimony particles is high. Making use of this advantage, the polyester is preferably used 
for hollow containers obtained by heating again preforms once injection molded and blow molding them, and drawn 
containers obtained by heating again sheets once extrusion molded, and drawing them. 

[0051 j For example, when a stretch blow molded hollow container is produced, a closed-end tubular preform is first 
40 produced by injection molding at a resin temperature of 200°C to 350°C and at a metal mold temperature of 0°C to 
30°C, and the preform is heated again at a temperature of 70°C to 130°C to soften it. Thereafter, the softened preform 
is blown to allow it to come into close contact with a metal mold having a specified shape at a blow metal mold temper- 
ature of ordinary temperature to 200°C, thereby producing the blow molded product. In this case, the resulting hollow 
container may be heat set at a temperature ranging from 70°C to 200°C by known methods, for improving the heat 
45 resistance. 

[0052] Further, for example, a drawn container is produced, a raw material polyester is supplied from a hopper into a 
cylinder of a single- or double-screw extruder by a screw or screws, and plasticized by melting Then, the polyester is 
transferred under shear of the screw or screws through the cylinder, and after an elapse of a definite residence time, it 
is extruded through a die. The extruded polyester is cooled with a casting roll set to a temperature of 0°C to 30°C by 
so circulating a coolant in the inside thereof, thereby obtaining a sheet having a thickness of 100 to 800 urn. This sheet is 
heated again to a glass transition temperature of the extruded sheet or higher, usually a temperature of 70°C to 150°C, 
and then, allowed to come into contact with a metal mold having a specified shape and a mold temperature of 0°C to 
30°C. thereby producing the molded product. 

[0053] Further, when these molded products and containers are produced, various additives such as known nucleat- 
es ing agents, inorganic fillers, lubricants, slipping agents, anti-blocking agents, stabilizers, antistatic agents, anti-fogging 
agents and pigments may be added to the raw material polyesters, as long as the effect of the present invention is not 
impaired. 
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EXAMPLES 

[0054] The present invention will be further illustrated in greater detail with reference to the following examples and 
comparative examples, which are, however, not to be construed as limiting the invention. Various measuring methods 
and evaluating methods in the examples are as follows: 

< Measurement of the Haze of Catalyst Solution ) 

[0055] A preliminarily mixed catalyst solution or a catalyst solution stored at a temperature of 60°C was sampled, and 
allowed to stand in a chamber maintained at 23°C and 50% RH for 3 hours. When sedimentation was observed, the 
catalyst solution was sufficiently stirred. Thereafter, the haze was measured with an NDH-300A type haze meter man- 
ufactured by Nippon Denshoku Kogyo Co. under the conditions of 23°C and 50% RH. A control cell was filled with eth- 
ylene glycol. 

< Determination of Antimony Element and Phosphorus Element > 

[0056] A polyester (2.0 g) obtained in each of the exarnples and comparative examples was ashed in the presence, of 
sulfuric acid. After complete decomposition, cfistilled water was added to bring the volume to 100 ml, apd measurement 
was made for the resulting solution by ICP emission speotrochemical analysis. 

< Composition Analysis of Polyester) 

[0057] A polyester obtained in each of the examples arid comparative examples was dissolved in deuterated trifluor- 
oacetic acid at the normal room temperature to prepare a 3 wt% solution. For this solution, 1 H-NMR was measured with 
a JNM-EX 270 type nuclear magnetic resonance analyier manufactured by JEOL Ltd., and each peak was assigned. 
From the integral ratio thereof, dicarboxylic acid cornponents other than terephthalic acid and diol components other 
than ethylene glycol were calculated. 

< Acid Value) ' ' v * ■■--*" 

10058] A polyester was pulverized, and thereafter, dried with a hot air dryer at 1 40°C for 1 5 minutes, followed by cool- 
ing to room temperature in a desiccator. Then, 0.1 g of the pulverized sample was precisely weighed, and placed in a 
test tube. Benzyl alcohol (3 ml) was added thereto, arid the sample was dissolved with blowing dried nitrogen gas 
therein at 195°C for 3 minutes. Thereafter, 5 ml of chloroform was 6r3dudiry added, and the solution was cooled to room 
temperature. To this solution, 1 to 2 drops of a Phenol B^ ipdicator 1 wtte added, and titration was conducted with a 0 1 
N solution of NaOH in benzyj alcohol; in which the trWwksi known, wiih blowing dried nitrogen gas therein and stirring. 
A point at which the color was turned from yellow ihio i&d^ taken as the end point. As a blank, the above-mentioned 
procedure was carried out without using the polyester, and the acid value was calculated according to the following 
equation: v 1 : *" 

Acid value (eq/ton) = (A-B) X 0. 1 X f/W 

wherein the abbreviations are as tolibws: 

A: Amount of 0. 1 N NaOH required for titration (jj) 

B: Titration amount of a blank (nl) 

W: Amount of a polyester sample (g) 

f: Titer of 0.1 N NaOH benzyl alcohol 

< Intrinsic Viscosity ) 

[0059] A polyester obtained in each of the examples and comparative examples was freeze-pulverized, and then, the 
pulverized polyester was dissolved in a mixed solvent of phenol/tetrachloroethane (weight ratio: 1/1) at a temperature 
of 100°C to 110°C for 20 minutes to prepare four kinds of solutions having concentrations of 0.1. 0.2, 0.5 and 1 g/dl. 
The viscosity of each solution was measured at a temperature of 30°C by an Ubbelohde capillary viscometer, thereby 
normally determining the intrinsic viscosity. 
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< Measurement of Acetaldehyde Amount) 

[0060] A freeze-pulverized polyester (5.0 g) was precisely weighed, sealed together with 10.0 ml of pure water in a 
microbomb, and heated at 160°C for 2 hours to extract acetaldehyde into water. The amount of acetaldehyde contained 
5 in the extract was determined with a GC-14A gas chromatography manufactured by Shimadzu Corp. using isobutyl 
alcohol as an internal standard. 

< Measurement of the Number of Particles and the Number of Fine Particles ) 

10 [0061] A freeze-pulverised polyester (100 mg) obtained in each of the examples and comparative examples was pre- 
cisely weighed, and dissolved in 10 ml of o-chlorophenol at 100°C for 2 hours. The number of particles having a size of 
0.5 utn or more and the particle size thereof were measured by a HIAC PC-320 type particle size analyzer manufac- 
tured by Pacific Scientific Co. The ratio of the number of fine particles having a size of 0.5 urn to less than 0.6 um to the 
number of particles measured was determined as the ratio of the number of fine particles (%). Further, the critical par- 

15 tide size R (urn) was determined at which the ratio of the number of coarse particles having a size of R (^im) or more 
to the total number of particles having a size of 0.5 ^m or more W3S 1% or less. 

< Rate of Solid Phase Polymerization > 

20 [0062] The difference between the intrinsic viscosity of a polyester obtained by solid ohase polymerzation and that 
of a polyester obtained by melt polymerization was determined, and this difference was divided by the polymerization 
time of solid phase polymerization to give the rate of solid phase polymerization. 

< Measurement of L and b Values in Hue ) 

[0063] The L value (blackness) and b value (yellowness) in hue of polyester pellets obtained in each of the examples 
and comparative examples was measured by the reflection method using a 300 A type color i metric color-difference 
meter manufactured by Nippon Denshoku Kogyo Co., Ltd. In. measuring, the color-difference meter was previously 
allowed to stand for 4 hours or more after putting of a power -supply for sufficient stabilization, and subsequently, a 
30 measuring cell having an inside diameter of 36 mm and a depth of 15 mm (a fight-receiving part thereof is made of 
quartz glass) was filled with just a cellful of pellets. The direction of the measuring cell was changed to four directions 
for each 90 degrees, and the L value and b value are measured four times in total. The mean value thereof is taken as 
the L value and b value of the present invention. 

35 (Evaluation of Bottle Molding) 

(1) Evaluation of Reheating Efficiency and Transparency 

[0064] A polyester obtained in each of the examples and comparative examples was sufficiently dried, and injection 
40 molded into a test tube-like preform having a height of 165 mm, an outer tube diameter of 29.0 mm, an average thick- 
ness of 3.7 mm and a weight of 60 g/m 2 , by use of an injection molding machine "IS-60B" manufactured by Toshiba 
Machine Co., Ltd. at a resin temperature of 280°C, a back pressure of about 5 kg/cm 2 , an injection pressure of about 
100 kg/cm 2 , a holding pressure of about 50 kg/cm 2 , a metal mold temperature of 20°C and a molding cycle of about 40 
seconds. 

45 [0065] This preform was heated in a near infrared irradiation furnace comprising a quartz heater at a.given output for 
55 seconds, and then, allowed to stand at room temperature for 25 seconds to alleviate a temperature distribution in the 
inside of the preformed article. Immediately after that, the preform was put in a metal mold having a specified shape 
which is adjusted to 20°C, and blown at a blow pressure of about 20 kg/cm 2 to produce a bottle having an average bar- 
rel thickness of 350 ^m and a volume of 1.5 liters. Like this, 20 bottles were produced. 

so [0066] For the same barrel portions of the 20 bottles, the haze was measured with an NDH-300A type haze meter 
manufactured by Nippon Denshoku Kogyo Co., and the mean value thereof is taken as the haze (%). The high haze 
means that only a cloudy bottle is obtained. Conversely, the low haze means that a bottle having good transparency is 
obtained. 

[0067] Further, the transparency of the bottles obtained was visually evaluated. Good transparency was indicated by 
55 "O". particularly good transparency by "©", a somewhat cloudy appearance by "a", and an appearance clouded like 
a pearl by "X". 
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(2) Evaluation of Black Foreign Matter 

[0068] Black foreign matter existing in 20 bottles obtained in (1) was evaluated by visual observation. No existence of 
black foreign matter in all bottles and a good appearance was indicated by "O". existence of black foreign matter in 1 
5 to 10 bottles by "a", and existence of black foreign matter in 11 or more bottles by "X". 

EXAMPLE 1 

[0069] Antimony trioxide and ethylene glycol were placed in a catalyst preparing tank at ordinary temperature so that 
io the concentration of antimony trioxide in ethylene glycol became 1 .34% by weight, and stirred for 1 hour. Then, the tem- 
perature of the resulting solution was elevated to 165°C for 5 hours, and the solution was further stirred for dissolution 
for 1 hour. Subsequently, the temperature thereof was lowered to 100°C for 3 hours. On the other hand, a 1 wt% solu- 
tion of phosphorous acid in ethylene glycol was prepared, and this solution was gradually added dropwise to the ethyl- 
ene glycol solution of antimony trioxide previously prepared, at 100°C with stirring so as to give an antimony element 
is amount/phosphorus element amount ratio of 210/10 by weight. After further stirred for 3 hours, this solution was trans- 
ferred to a reservoir maintained at 60°C, and stored tHSreih! 1 This solution was referred to as "catalyst solution A". 
[0070] Using this catalyst solution A and a batch type polymerization apparatus comprising a one-stage slurry tank, 
a one-stage esterif ication tank and a one-stage melt polymerization tank, a polyester was produced by the following 
procedure. 

20 [0071] In the slurry tank, a raw material slurry of 279 kg (1 : ,^86 mbl) of terephthalic acid, 5.2 kg (31 mol) of isophthalic 
acid and 1 25 kg (2,020 mol) of ethylene glycol was prepared beforehand. 

[0072] This raw material slurry was successively suppliid for 4 hours to the esterif ication tank maintained at 260°C. 
After the termination of the supply, the esterif ication reaction was further allowed to proceed for 1 hour and the resulting 
esterif ication product was transferred to the melt polymerization tank. The acid value of this esterification product was 

25 450 eq/ton. Subsequently, a 1 wt% solution of orthophosphoric acid in ethylene glycol was first added through a pipe 
connected to the melt polymerization tank so as* to give afcHosphqrus element amount of 23 ppm based on a polymer 
after polymerization, and 10 minutes after that, a 1 wt 0 ^ Solution of cobalt acetate in ethylene glycol was added as an 
auxiliary so as to give a cobalt elemerrf^mdunt of 10 ppm based ori the'Dolymer after pblyrnerizati after 
that, the catalyst solution A was added so as tb give ^b ! ^fennen^hbsiDhorus element amounts of 210 ppm/10 ppm 

30 based on the polymer after polymerization, the totat amount of the phosphorus element contained in the polymer was 
33.0 ppm. ; '" . ./ , ' * * : 

[0073] Subsequently/the temperature inthe system was elevated from 260°C to 280°C for 1 hour and 20 minutes, 
and the pressure was reduced from ordinary pressure to 1 mm Hg for 60 minutes. Keeping the pressure at 1 mm Hg, 
the reaction was conducted for a specified period of time. Thereafter, the produced polymer was taken out in.a strand 

35 form through a takeoff attached to a bottom of the polycondensation tank After cooling with water, the strand-like pol- 
ymer was cut into a chip form to obtain about 300 kg of melt-polymerized polymer chips having an intrinsic viscosity of 
0.63 dl/g. 

[0074] Subsequently, surfaces of the melt-polymerized polymer chips were crystallized at 160°C with a stirring crys- 
tallizer (Bepex type), followed byiransfer to'M stationary solid phase polymerization column. After drying in a stream of 
40 20 liter/kg - hour of nitrogen aj about' 16P°C for 3 hours, sblidf phase ^lymerization was conducted at 205^6 for a.spec- 
if ied period of time to qbiaiq a p% , 
[0075] Results of analysis and evaluation of the resulting polyester arid results of evaluation bf bottle molding are 
shown in Table 1 . /♦ .o r . • ; ; - r f 

[0076] The resulting polyester was high in the ratio of the number of fine particles, was not deteriorated in transpar- 
45 ericy. and externally showed no black Weign matter when molded into bottles. 

COMPARATIVE ^XAMPlE 1 v " ; 

[0077] Antimony trioxide and ethylene gfycol were placed in a catalyst preparing tank at the normal room temperature 
so so that the concentration of antimony trioxide in ethylene glycol became 1.80% by weight, and stirred for 1 hour. Then, 
the temperature of the resulting solution was elevated to 165°C for 5 hours, and the solution was further stirred for dis- 
solution for 1 hour. Subsequently, the temperature thereof was towered to 100°C for 3 hours. The solution was stored 
with stirring at that temperature for 3 hours, and thereafter transferred to a reservoir maintained at 60°C. and stored 
therein. This solution was referred to as "catalyst solution B". 
55 [0078] The procedure was conducted in the same manner as with Example 1 until the esterification reaction. The 
resulting esterification product was transferred to the melt polymerization tank. Subsequently, a 1 wt% solution of ortho- 
phosphoric acid in ethylene glycol was first added through a pipe connected to the melt polymerization tank so as to 
give a phosphorus element amount of 23 ppm based on a polymer after polymerization, and successively, a 1 .0 wt% 
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solution of phosphorous acid in ethylene glycol was added so as to give a phosphorus element amount of 10 ppm 
based on the polymer after polymerization (the total amount of the phosphorus element contained in the polymer was 
33.0 pprn). Further, 10 minutes after that, a 1 wt% solution of cobalt acetate in ethylene glycol was added so as to give 
a cobalt element amount of 10 ppm based on the polymer after polymerization. Immediately after that, the catalyst solu- 
5 tion B was added so as to give an antimony element amount of 210 ppm based on the polymer after polymerization. 
The subsequent procedure was conducted in the same manner as with Example 1 , and melt-polymerised polymer 
chips having an intrinsic viscosity of 0.61 dl/g were subjected to solid phase polymerization to obtain a polyester having 
an intrinsic viscosity of 0.80 dl/g. 

[0079] Results of analysis and evaluation of the resulting polyester and results of evaluation of bottle molding are 
10 shown in Table 1. 

[0080] The resulting polyester was low in the ratio of the number of fine particles, and externally showed much black 
foreign matter when molded into bottles. 

COMPARATIVE EXAMPLE 2 

15 

[0081] A polyester was obtained in the same manner as with Comparative Example 1 with the exception that the 
intrinsic viscosity of the polyester after solid phase polymerization was 0.90 dl/g. 

[0082] Results of analysis and evaluation ot the resulting polyester and results of evaluation of bottle molding are 
shown in Table 1 . The resulting polyester was somewhat better in transparency than the polyester obtained in Compar- 
20 ative Example 1 , due to high intrinsic viscosity, but low in the ratio of the number of fine particles, and externally showed 
much black foreign matter when molded into bottles. 

COMPARATIVE EXAMPLE 2* 

25 [0083] The preparation of a raw material slurry was performed in the same manner as with Example 1. A 1 wt% solu- 
tion of orthophosphoric acid in ethylene glycol was added to the raw material slurry so that the amount of the phospho- 
rus element derived from orthophosphoric acid became 23 ppm, and the preliminarily mixed catalyst solution A was 
further added so as to give an antimony element amount of 210 ppm. At this time, the acid value of the raw material 
slurry was 8,300 eq/ton. This raw material slurry was supplied for 4 hours to the esterification tank maintained at 260°C. 

30 After the termination of the supply, the esterification reaction was further allowed to proceed for 1 hour, and the resulting 
esterification product was transferred to the melt polymerization tank. Subsequently, a 1 wt% solution of cobalt acetate 
in ethylene glycol was added as an auxiliary through a pipe connected to the melt polymerization tank so as to give a 
cobalt element amount of 10 ppm. The subsequent procedure was conducted in the same manner as with Example 1 , 
arid melt-poiymerized polymer chips having an intrinsic viscosity of 0.62 dl/g were subjected to solid phase polymeri.za- 

35 tion to obtain a poiyester having an intrinsic viscosity of 0.80 dl/g. 

[0084] Results of analysis and evaluation of the resulting polyester and results of evaluation of bottle molding are 
shown in Table 1. The resulting polyester was low in the ratio of the number of fine particles, and externally showed 
much black foreign matter when molded into bottles. 

40 COMPARATIVE EXAMPLE 3 

[0085] The procedure was conducted in the same manner as with Example 1 until the esterification reaction. The 
resulting esterification product was transferred to the melt ppiymerization tank. Subsequently, a 1 wt% solution of ortho- 
phosphoric acid in ethylene glycol was first added through a pipe connected to the melt polymerization tank so as to 

45 give a phosphorus element amount of 33.0 ppm based on a polymer after polymerization., and 10 minutes after that, a 
1 wt% solution of cobalt acetate in ethylene glycol was added so as to give a cobalt element amount of 10 ppm based 
on the polymer after polymerization. Immediately after that the catalyst solution B used in Comparative Example 1 was 
added so as to give an Sb element amount of 210 ppm based on the polymer after polymerization. The subsequent pro- 
cedure was conducted in the same manner as with Example 1, and melt-polymerized polymer chips having an intrinsic 

so viscosity of 0.62 dl/g were subjected to solid phase polymerization to obtain a polyester having an intrinsic viscosity of 
0.79 dl/g. 

[0086] Results of analysis and evaluation of the resulting polyester and results of evaluation of bottle molding are 
shown in Table 1. 

[0087] The resulting polyester was few in the number of particles, and low in the ratio of the number of fine particles. 

55 

COMPARATIVE EXAMPLE 4 

[0088] Antimony trioxide (0.05 part by weight) was mixed with 1 part by weight of water and 0.01 part by weight of 
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phosphorous acid, and the resulting mixture was heated at 100°C for 20 hours. A solution in which black particles were 
precipitated was dispersed in a ball mill to suspend the particles. This was referred to as "catalyst solution C\ 
[0089] Melt-polymerised polymer chips having an intrinsic viscosity of 0.78 dl/g were obtained in the same manner as 
with Example 1 with the exception that the catalyst solution C was used and the chips were not subjected to solid phase 
polymerization. 

[0090] Results of analysis and evaluation of the resulting polyester and results of- evaluation of bottle molding are 
shown in Table 1 . 

[0091] The resulting polyester was very low in the ratio of the number of fine particles, and externally showed much 
black foreign matter when molded into bottles. 

EXAMPLE 2 

[0092] Using a multistage continuous polymerization apparatus comprising a one-stage slurry tank, two-stage ester- 
ification tanks and three-stage melt polymerization tanks, a polyester was produced by the following procedure. 
[0093] A slurry prepared by mixing 1,941 parts by weight per hour of high purity terephthalic acid with 676 parts by 
weight per hour of ethylene glycol, and an ethylene glvcol solution of orthophosphpric acid"(cpncentration: l 1.0% by 
weight) separately prepared were continuously suppli^jto:flie first ^terifjcatiori tank' in which} 3,627 parte by weight of 
a reaction solution was stored befbr^harid; s6 %tp1g^^ efeme^ on a pplymer 

after polymerization, and the first-stage esterif icalion reaction was conducted 'in an atmpsph ere of nitrogen with sirring 
under the conditions bf260°C and 0.5 kg/cm 2 * G. The average residence ime was adjusted to 4 hours, and the reac- 
tion product was continuously sent to the second esterification tank. 

[0094] In the second esterification tank, the second-stage esterification reaction was conducted with stirring, under 
the conditions of 260°C and 0.05 kg/cm 2 • G, adjusting the average residence time to 1 .5 hours/At this 'time, 'a solution 
of cobalt acetate in ethylene glycol (concentration: 1%by weight) and the, catalyst solution A were continuously supplied 
to the second esterification tank through a pipe connected to a bottom thereof, so as to give a cobalt element amount 
of 10 ppm based on the polymer after rx>lymeriza<^ element/phpsphorus element ampunts of 210 

ppm/10 ppm based on the polyrner after rx»lymerizaticiri (the total [amount pi thephosphorus element contained in the 
polymer was 33.0 ppm), respectively, the average aqtf Wlue in the second esterification tank was 450 eq#on. This 
esterification produri was cohtiw r ; 

[0095] The f irsft melt polymerizatiori tank was'maihtained under the conditions' of 272 6 C and 25 mm Hg with 'stirring, 
and the average residence time therein was adjusted to 1 :2 hburs, thereby conducting the first-stage melt polymeriza- 
tion reaction. The first-stage melt polymerization reaction product was continuously sent to the second melt polymeri- 
zation tank The second melt polymerization tank was maintained under the conditions of 275°C and 6 mm Hg with 
stirring, and the average residence time therein was adjusted to 1,2 hours, thereby conducting the second-stage melt 
polymerization reaction. The second-stage melt polymerization reaction product was continuously sent to the tyird melt 
polymerization tank. : ; - , ^ . 

[0096] The third melt polymerization tank was rriaintained under the conditions of 277°C and 2 mm Hg with stirring, 
and the average residence time therein was adjusted to 1 Z hours, thereby conducting the third-stage melt polymeriza- 
tion reaction. The third-stage melt polymerization reaction product was continuously taken out of the reactor in a strand 
form through a polyester takeoff device, and immersed in water to cool it. Then, the strand-like polymer was cut into a 
chip form with a strand cutter to obtain mett-pplymerized polymer chips having an intrinsic viscosity of 0.61 dl/g. 
[0097] Further, the polyester chips : chained by melt polymerization were continuously supplied to a stirring crystallizer 
maintained at about 160°C in an atmosphere of nitrogen so as to give a residence time of about 5 minutes to perform 
crystallization. Furthermore, the crystallized chips were continuously supplied to a column type solid phase polymeri- 
zation apparatus, arid subjected to solid phase polymerization in an atmosphere of nitrogen at 205°C for 15 hours to 
obtain a polyester having an intrinsic viscosity of 0.80 dl/g. 

[0098] Results of analysis and evaluation of the resulting polyester and results of evaluation of bottle molding are 
shown in Table 1 . 

[0099] The resulting polyester was high in the ratio of the number of fine particles, and was good in transparency and 
externally showed no black foreign matter when molded into bottles. 

COMPARATIVE EXAMPLE S 

[0100] Using a multistage continuous polymerization apparatus comprising a one-stage slurry tank, two-stage ester- 
ification tanks and three-stage melt polymerization tanks, a polyester was produced by the following procedure. 
[0101] A slurry prepared by mixing 1 ,941 parts by weight per hour of high purity terephthalic acid with 676 parts by 
weight per hour of ethylene glycol, and an ethylene glycol solution of orthophosphoric acid (concentration: 1.0% by 
weight) separately prepared were continuously supplied to the first esterification tank in which 3,627 parts by weight of 
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a reaction solution was stored beforehand, so as to give a phosphorus element amount of 33 ppm based on a polymer 
after polymerization, and the first-stage esterification reaction was conducted in an atmosphere of nitrogen with stirring 
under the conditions of 260°C and 0.5 kg/cm 2 • G. The average residence time was adjusted to 4 hours, and the reac- 
tion product was continuously sent to the second esterification tank. 

5 [0102] In the second esterification tank, the second-stage esterification reaction was conducted with storing under 
the conditions of 260°C and 0.05 kg/cm 2 • G, adjusting the average residence time to 1 .5 hours. At this time, a solution 
of cobalt acetate in ethylene glycol (concentration: 1 % by weight) and the catalyst solution B were continuously supplied 
to the second esterification tank through a pipe connected to a bottom thereof, so as to give a cobalt element amount 
of 10 ppm based on the polymer after polymerization and an antimony element amount of 210 ppm based on the pol- 

10 ymer after polymerization, respectively. The average acid value in the second esterification tank was 450 eq/ton. This 
esterification product was continuously transferred to the first mett polymerization tank through a pipe. 
[01 03] The first melt polymerization tank was maintained under .the conditions of 272°C and 25 mm Hg with stirring, 
and the average residence time therein was adjusted to 1.2 hours, thereby conducting the first-stags melt polymeriza- 
tion' reaction. The first-stage melt polymerization reaction product was continuously sent to the second melt polymeri- 

75 zation tank. 

[0104] The second melt polymerization tank was maintained under the conditions of 275°C and,6 mm Hg with stirring, 
and the average residence time therein was adjusted to 1 .2 hours, thereby conducting the second-stage melt polymer- 
ization" reaction. The second -stage melt polymerization reaction product was continuously sent to the third melt polym- 
erization tank. , 

<*■■■■,- 'i,* . . ■ • 

so [0105J The third melt polymerization tank was maintained under the conditions of 277°G and 2 mm Hg with stirring, 
and the average residence time therein was adjusted to 1 .2 hours, thereby conducting the third-stage mett polymer iza- 
tion reaction. The third-stage melt polymerization reaction product was continuously taken out of the reactor in a strand 
form through a polyester takeoff device, and immersed in water to cool it. Then, the strand-like polymer was cut into a 
chip form with a strand cutter to obtain melt-polymerized polymer chips having an intrinsic viscosity of 0.61 dl/g. 

25 [0106] Further, the polyester chips obtained by melt polymerization were continuously supplied to a stirring crystallizer 
maintained at about 160°C in an atmosphere of nitrogen so as to give a residence time of about 5 minutes to perform 
crystallization. Furthermore, the crystallized chips were continuously supplied to a column type solid phase polymeri- 
zation apparatus, and subjected to solid phase polymerization in.an^atmosphere of nitrogen at 205°C for 15 hours to 
obtain a polyester having an intrinsic viscosity of 0.80 dl/g. . ^.^ . ... 

30 [0107] Results of analysis and evaluation of the resulting polyester and results of evaluation of bottle molding are 
shown in Table 1 . 

[0108] The resulting polyester was lew in the ratio of the number of fine particles. 
EXAMPLE V 

35 

[0109] A polyester was obtained in the same manner as with Example 1 with the exception that the intrinsic viscosity 
of the melt-polymerized polymer chips was 0.73 dl/g, and that the intrinsic viscosity of the polyester chips subjected to 
solid phase polymerization was 0.80 dl/g. 

[0110] Results of analysis and evaluation of the resulting polyester and results of evaluation of bottle molding are 
40 shown in Table 1 . 

EXAMPLE 3 

[01 1 1] Antimony trioxide and ethylene glycol were placed in a catalyst preparing tank at ordinary temperature so that 
45 the concentration of antimony trioxide in ethylene glycol became 1 .34% by weight, and stirred for 1 hour. Then, the tem- 
perature of the resulting solution was elevated to 165°C for 5 hours, and the solution was further stirred for dissolution 
for 1 hour. Subsequently, the temperature thereof was lowered to 100°C for 3 hours. On the other hand, a 1 wt% solu- 
tion of phosphorous acid in ethylene glycol was prepared, and this solution was gradually added dropwise to the ethyl- 
ene glycol solution of antimony trioxide previously prepared, at 100°C with stirring so as to give an antimony element 
so amount/phosphorus element amount ratio of 210/3 by weight. After further stirred for 3 hours, this solution was trans- 
ferred to a reservoir maintained at 60°C, and stored therein. This solution was referred to as "catalyst solution A2". 
[0112] Using a multistage continuous polymerization apparatus comprising a one-stage slurry tank, two-stage ester- 
ification tanks and three-stage melt polymerization tanks, a polyester was produced by the following procedure. 
[0113] A slurry prepared by mixing 1 ,941 parts by weight per hour of high purity terephthalic acid with 676 parts by 
55 weight per hour of ethylene glycol, and an ethylene glycol solution of orthophosphoric acid (concentration: 1.0% by 
weight) separately prepared were continuously supplied to the first esterification tank in which 3,627 parts by weight of 
a reaction solution was stored beforehand, so as to give a phosphorus element amount of 30 ppm based on a polymer 
after polymerization, and the first-stage esterification reaction was conducted in an atmosphere of nitrogen with stirring 
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under the conditions of 260°C and 0.5 kg/cm 2 • G. The average residence time was adjusted to 4 hours, and the reac- 
tion product was continuously sent to the second esterification tank. 

[0114] In the second esterification tank, the second-stage esterification reaction was conducted with stirring under 
the conditions of 260°C and 0.05 kg/cm 2 • G, adjusting the average residence time to 1 .5 hours. At this time, a solution 

5 of cobalt acetate in ethylene glycol (concentration: 1% by weight) and the catalyst solution A2 were continuously sup- 
plied to the second esterification tank through a pipe connected to a bottom thereof, so as to give a cobalt element 
amount of 10 ppm based on the polymer after polymerization and antimony element/jDhosphorus element amounts of 
210 ppm/3 ppm based on the polymer after polymerization (the total amount of the phosphorus element contained in 
the polymer was 33.0 ppm), respectively. The average acid value in the second esterification tank was 450 eqAon. This 

10 esterification product was continuously transferred to the first melt polymerization tank through a pipe. 

[01 15] The first melt polymerization tank was maintained under the conditions of 272°C and 25 mm Hg with stirring, 
and the average residence time therein was adjusted to 1.2 hours, thereby conducting the first-stage melt polymeriza- 
tion reaction. The first-stage melt polymerization reaction product was continuously sent to the second melt polymeri- 
zation tank. ' ■ * 

75 [01 1 6] The second melt polymerization tank was maintained under the conditions of 275°C and 6 mm Hg with stirring, 
and the average residence time therein was adjusted to 1.5' hours, thereby conducting the second-stage melt polymer- 
ization reaction. The second-stage melt polymerization reaction product was continuously sent to the third melt polym- 
erization tank. ; ■ ' ? 

[0117] The third melt polymerization tank was maintained under the conditions of 277°C and 2 mm Hg with stirring, 
20 and the average residence time therein was adjusted to 1 .2 hours, thereby conducting the third-stage melt polymeriza- 
tion reaction. The third-stage melt polymerization reaction product was continuously taken out of the reactor in a strand 
form through a polyester takeoff device, and immersed in water to cool it. Then, the strand-like polymer was cut into a 
chip form with a strand cutter to obtain melt-polymerized polymer chips having an intrinsic viscosity of 0.61 dl/g. 
[01 1 8] Further, the polyester chips obtained by melt polymerization were continuously supplied to a stirring crystallizer 
25 maintained at about 160°C in an atmosphere of nitrogen so as to give a residence time of about 5 minutes to perform 
crystallization. Furthermore, the crystallized chips were continuously supplied to a column type solid phase polymeri- 
zation apparatus, and subjected to solid phase polymerization in an atmosphere of nitrogen at 205°C for .15 Kours to 
obtain a polyester having ah intrinsic viscosity of 0.79 dl/g. 

[0119] Results of analysis and evaluation of the resulting polyester and results of evaluation of bottle molding are 
30 shown in Table 1 . 

[01 20] The resulting polyester was high in the ratio of the number of fine particles, and was good in transparency and 
externally showed no black foreign matter when molded into bottles. 



35 



AO 



45 



50 



55 



13 



EP0 921 144 A1 



5 



10 



15 



25 



30 



35 



40 



45 



50 



Comparative 
Example 3 


CQ 


CM 
O 


o 
to 
<r 


oo 

r-l 


CO 

CN) 


o 

iH 
CM 


CO 

CO 


o 


0.62 


not 
measured 


0.79 


0.0148 


314300 


66.2 1 


CO 

o 


o 


CM 

<t 
CO 


CM 


X 


<S 


Comparative 
Example 2' 


< 


CO 

i-H 


8300 1 


00 
f-H 


cn 

CM 


O 
r—i 
CM 


CO 

CO 


o 

rH 


0.62 1 


061 


0.80 1 


CO 

rH 
O 

O 


695400 


<T 

00 
VJD 


CO 

o 


o 
1 


78.9 I 


<r 

CM 


< 




Comparative 
j Example 2 


CQ 


CNJ 

o 


o 
m 


CO 
«H 


CM 


O 
CM 


CO 

CO 


o 

rH 


,-t 
•o 

o 


<r 
c\ 
*-\ 


o 
o 


m 
<r 
-t 
o 

o 


o 
o 
<r 
o 

CM 
1 — 


m 

a* 

-<r 


o 

rH 


o 


76.2 | 


rH 


< 


< 


Comparative 
Example \ 




CM 

o 


o 


no 
r-l 


CO 

oi 


O 
rH 

CM 


CO 
CO 


o 

rH 


rH 

\o 

O 


cr. 


o 

O 


0.0155 


718000 


r^. 

oo 
-c 


<y* 

CZ 


o 
o 


<r 


o 

CO 


X 




Example 1 


< 


CO 

rH 


o 
in 

<r 


CO 
rH 


cn 

CM 


O 
<-J 

CM 


CO 
CO 


s 


0.63 | 


180 


0.79 ! 


in 

rH 
© 

o 


562800 


o 

CO 


r- 
o 


rH 

rH 
1 


o 
co 


O 


O 


O 


Item 


Kind . | 


0) 
N 
td 


Acid Value at Addition (eq/ton) | 


»«4 
i—* 

o 

< 

cu 

►H 

c 

q 

+j 


f-» 
o 
& 

o 
o 

.u 


Sb'Elament (ppm) 


? Element (ppm) 


P(III) Element 


Intrinsic Visco3ity (dl/g) 


5 
a. 

CU 

. a 
•c 

T3 
r~l 

RJ 
*J 
cu 
tj 
< 


Intrinsic Viscosity (dl/g) 


Solid Phase Polymerization Rate 


Number of Particles cf 0.5 urn or | 
more per 100 mg (particles)' 1 


CO 
t-1 
O 

*J 
U 

uj 
CU 

CD 
C 
•H 
Ct. 

O 
q 

■ co 

oi 


Critical Particle Size I 


b Value | 


0? 
=> 
I 

cd 
> 


Haze of Bottle Barrel (2) | 


Visual Transparency | 


Black_ Foreign Matter | 


eO 
M 
-H 
U 
03 

e 

— * 
o 

CU 

o 
o 


C 
<u 

C 

o. 
E= 
c 
o 


Catalyst, j 
Composition j 




Catalyst 
Solution 


Results of 
Analysis of 

Melt- 
Polymerized 

Polyester 


Results of 
Analysis of 
Solid Phase- 
Polymerized 

Polyester ; 


Evaluation of 
Bottle Molding 



14 

BNSDOCID: <EP__0921 144A1 J_> 



EP0 921 144 A1 



10 



20 



25 



30 



35 



40 



45 



ta < 
u 

*d e 

(X ra 

B ■■ 
o w 

CJ 



u cx 

fx. id 

a x 

O U3 



*j c 

w O 



■a | 

p.- . 



C 

e . 

O) ■ 



3 a : 



(U 

as 

£ 



a> 
6 



C Rt 



1 



«? -W 4~> U « 

^ >> a) 6 X 



< 



o a* 
a, 



r-t 

O rH 



to ^ 



04 



c 

00 



J-l 

6- 



N 
cd 

as 



n O * <U U 

£ ** ® 

2 £ " » 

~ « *** a» a> 

N 1h o 

^ V) **■ 



5 2 



55 



BNSDOCID: <£P 0921 1 44A1_1_> 



15 



EP0 921 144 A1 



Description of abbreviations 
[0121] 

I PA: Isophthalic acid component 
DEG: Diethylene glycol component 

Note 1) It is meaningless to compare with other examples and comparative examples because of a different solid 
phase polymerization apparatus. 

Note 2) Results of analysis of solid phase-polymerized polyester of Comparative Example 4 were the results of 
analysis of melt-polymerized polyester ot intrinsic viscosity of 0.78 dl/g. 

Claims 

1 . A polyester mainly composed of an aromatic dicarboxylic acid as an acid component and an aliphatic diol as a diol 
component, wherein the content of an antimony element in said, polyester is from 50 to 350 ppm. the number of 
metallic antimony particles having a diameter of 0.5 *im or more is 30,000 or more per 100 mg of polyester, the ratio 
of |the number of fine particles having a diameter of 0.5 urn to less than 0.6 ^m is 70% l or more, and the L value in 
hue is 80 or more. 

2. The polyester according to claim 1 , wherein the ratio of the number of the fine particles is 98% or more. 

3. The polyester according to claim 1 or 2, wherein the number of the metallic antimony particles having a diameter 
of 0.5 urn or more is from 1 00,000 to 1 .000,000. 

4. The polyester according to any one of claims 1 to 3. wherein the content of the phosphorus element is from 2 to 
100 ppm. 

5. The polyester according to any one of claims 1 to 4, wherein the intrinsic viscosity of said polyester is from 0.65 to 
0.85 dl/g. 

6. The polyester according to any one of claims 1 to 5, wherein the ratio of the number of coarse particles having a 
diameter of 1 .5 or more to the number of metallic antimony particles having a diameter of 0.5 jim or more con- 
tained in 100 mg of the polyester is 1% or less. 

7. A stretch blow molded product formed of the polyester according to any one of claims 1 to 6. 

8. A method for producing a polyester mainly composed of an aromatic dicarboxylic add as an acid component and 
ethylene glycol as a diol component, which comprises adding a preliminary mixed catalyst solution of an antimony 
compound and a trivalent phosphorus compound as a catalyst, said catalyst solution having a haze of 1 0% or less, 
at a stage showing an acid value of 1 ,000 eq/ton or less before initiation of melt polymerization. 

9. The method according to claim 8, wherein the preliminary mixed catalyst solution is added so that the concentra- 
tions of an antimony element and a trivalent phosphorus element in the polymer after melt polymerization are from 
50 to 350 ppm and from 2 to 100 ppm (on a weight basis), respectively. 

10. The method according to claim 8 or 9, wherein the polyester is produced by use of a continuous polymerization 
apparatus, and the preliminary mixed catalyst solution is added at any stage from a final stage of an esterif ication 
process to initiation of a melt polymerization process, followed by melt polymerization to produce the polyester hav- 
ing an intrinsic viscosity of 0.50 to 0.70 dl/g, which is subjected to solid phase polymerization to obtain a polyester 
having an intrinsic viscosity of 0.70 to 1 .5 dl/g. 
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